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PULSES, A CIRCUIT FOR GENERATING MINIMALY DISTORTED PULSES AND 
USETOF METHOD AND THE CIRCUIT 

/ 



5 



The invention relates to a method of reducing distortion 
and noise of square-wave pulses and of limiting peak cur- 
10 rents which occur during the switching sequences in 
switched circuits of the two- port system, which has a 
switchable port with a switching terminal capable of be- 
ing switched between the. terminal s v of a second circuit* 

15 Further, the invention relates to a circuit of the type 
which, in combination with a switched circuit of the two- 
port type is capable of generating minimally distorted 
square-wave pulses with minimum noise and of limiting 
peak currents which occur during the switching sequences 

20 of the square-wave pulses, said switched circuit having a 
terminal capable of being switched between two terminals 
of a second circuit. 

Finally, the invention relates to uses of the method and 
25 the circuit. ; 

Traditional switched circuits for use for power electron- 
ics require a certain dead time to avoid great destruc- 
tive connecting and disconnecting currents, partly to re- 
30 strict switching losses in the half -bridge incorporated 
in the circuit and partly to eliminate ringings on the 
output signal with out adding a parallel snubber and 
thereby increased losses. 

35 Addition of dead time in switched circuits used in ampli- 
fiers and particularly in class D amplifiers for HI-FI, 
however, involves an intolerable distortion of the modu- 
lated output signals. Therefore, it has long been at- 



SUBSTITUTE SHEET (RULE 26) 



WO 99/59241 



PCT/DK99/00261 



2 

tempted to find a principle whicl^ allows dead time in 
half-bridges to be reduced without bringing about the 
above-mentioned drawbacks. 

5 The principle of a switched amplifier is that one or more 
switches in a switched circuit of the two-port type or a 
multiple thereof is switched to conduct and non-conduct, 
respectively, e.g. by pulse-width or pulse-density modu- 
lation, depending on the amplitude of a signal, such as 
10 an audio signal . 

Hereby, the information of the audio signal is converted 
into a number of pulses which exactly correspond to the 
information of the audio signal. 

15 

The primary advantage of pulse-modulated amplifiers is a 
very high efficiency, which theoretically is 100%, which 
means that, theoretically, the amplifier has no loss. In 
practical realisations of pulse-modulated amplifiers, 

20 typical efficiencies of between 90 and 98% may be 

achieved. Pulse-modulated amplifiers are also totally 
linear in theory and thereby have a very low distortion, 
but in practice it has been found that non-linearities 
have caused them to be unsuitable for use in High Fidel - 

25 ity amplifiers for audio. The reason is primarily that it 
is not possible to provide ideal square-wave pulses in 
the switched circuit, due to the use og switches that are 
not ideal having parasitic capacitive and inductive 
components around the switch element. - 

30 

One of the main reasons why the pulses cannot be gener- 
ated ideally is inter alia to be found in the connection 
and disconnection of the switches. The pulse widths vary 
as a consequence of variations in the turn-on and turn- 
35 off times of the switches, while the necessary dead time 
between connection and disconnection of the two switches 
is kept constant. The variations in the turn on and turn 
off times is due to several factors, among which the most 
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important is the varying load current and variations in 
the characteristics of the components used in and around 
the output stage. The most important variations in the 
component characteristics is due to variations in 
5 temperature but also varying component characteristics 
due to different batches and eldering phenomena's are 
known as important issues that must be taken care of. It 
is therefore desirable to reduce the turn-on and turn-off 
times and thereby the dead time to a minimum in pulse- 
10 modulated power amplifiers. 

Conversely, reduced turn-on and turn-off times as well as 
less dead time causes problems of increased power con- 
sumption, and consequent destructive peak currents in the 
15 switches and strong ringing on the output signal, as both 
switches will briefly be turned on simultaneously. 

Moreover, it is known that the pulse heights vary because 
of the ringing which occurs when connecting and discon- 
20 necting the load current, which causes distortion of the 
audio signal. 

Such ringing may be partly limited by establishing a par- 
allel snubber circuit of a known type over the switches 

25 which attenuates the oscillations that occur because of 
the parasitic inductance's and capacities of the 
switching circuit. The drawback of such a circuit, 
however, is that the turn-on and turn-off times are 
increased, and that the switching losses and thereby the 

30 idle loss of the amplifier are increased, so that the 
efficiency of the amplifier is reduced and the pulse- 
width distortion is increased. 

Existing practical realisations nevertheless use parallel 
35 snubber circuits, as the ringing in and around switched 
circuits means that the circuits emit so strong high-fre- 
quency signals that the circuits cannot be used according 
to the current standards in the field. 
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The known methods of generating square-wave pulses in 
switched amplifiers thus involve distortion of the modu- 
lated signal. These methods are particularly not suitable 
5 for use in switched amplifiers, e.g. class D amplifiers 
for HI-FI, where design criteria, such as low distortion, 
low noise and high efficiency, are important. 

There are two categories of switched amplifiers for 
10 audio. One category is switched amplifiers having 

analogue input signals. The other category is switched 
amplifiers having digital input signals. 

The latter amplifier exclusively operates in the digital 
15 domain, and is therefore called full digital power ampli- 
fier. 

Particularly in the full digital power amplifier it is 
important to be able to generate approximately ideal 
20 square-wave pulses, as the distortion- reducing feedback 
around the output stage cannot be realised, without hav- 
ing to leave the digital domain. 

This makes very strict demands on the linearity of the 
25 output stage and thereby on the generation of the square- 
wave pulses with a minimal distortion and noise. 

Accordingly, it is an object of the invention to provide 
a method capable of generating minimally distorted 
30 square-wave pulses with minimum noise and minimum losses 
in the output stage and of reducing the peak current 
during the- switching sequences in the switched circuit. 

The object of the invention is achieved by the method 
35 stated in the introductory portion of claim 1, which is 
characterised in that the terminals of the switched cir- 
cuit are connected to a set of terminals of the second 
circuit, and that the second circuit is given a short- 
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circuit impedance which, seen from the switched circuit, 
provides a characteristic which has a low impedance at 
low frequencies, while it has a high impedance and is 
predominantly resistive at high frequencies, 

5 

The circuit thus has the advantage that the high-fre- 
quency ringing, which normally occurs because of para- 
sitic inductance's and capacities in the switched 
circuit, may be attenuated significantly by the resistive 
10 damping. 

The resistive behaviour of the noise attenuating circuit 
at high frequencies also has the advantage that transient 
peak currents in the switched circuit may be reduced to a 

15 maximum value event by short-circuit of the switching 
contacts. The dead time may therefore be reduced to a 
minimum, without generating destructive current in the 
switches or pulse height errors in the form of strong 
ringing on the output signal originating from strong 

20 short-circuit currents. 

When, as stated in claim 2, a single or double voltage 
supply is applied to the terminals of the second circuit 
which are not connected to the switched circuit, and a 

25 series coupling of an inductance and a load circuit is 
applied to the port of the switched circuit containing 
the switching terminal, it is ensured that a Buck con- 
verter may be produced, approximately capable of generat- 
ing ideal square-wave pulses of minimum distortion and 

30 noise in the form of minimum dead time and ringing in the 
switched circuit, while the peak current in the switches 
in the switched circuit may be limited to a maximum 
value * 

35 When, as stated in claim 3, a load circuit is connected 
to the terminals of the second circuit which are not con- 
nected to the switched circuit, and a series coupling of 
an inductance and a voltage supply is applied to the port 
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of the switched circuit containing the switching termi- 
nal, it is ensured that a Boost converter may be pro- 
duced, capable of generating approximately ideal square- 
wave pulses of minimum distortion and noise in the form 
5 of minimum dead time and ringing in the switched circuit, 
while the peak current in the switches of the switched 
circuit is reduced to a maximum value. 

As mentioned, the invention also relates to a circuit. 

10 

This circuit is characterized in that the second circuit 
is formed by a network which, seen from the switched cir- 
cuit, has a short-circuit impedance which has a low im- 
pedance at low frequencies and has a high impedance and 
15 is predominantly resistive at high frequencies. 

The predominantly resistive impedance at high frequencies 
provides the advantage that the circuit serves as a cur- 
rent limiter during the transient switching sequences in 

20 the switched circuit, thereby allowing a minimum dead 

time to be maintained. The predominantly resistive behav- 
iour of the noise attenuating circuit at high frequencies 
additionally has the advantage that the high-frequency 
ringing which normally occurs because of parasitic induc- 

25 tances and capacities in the switched circuit is attenu- 
ated considerably. Compared to parallel snubber circuits 
where the same can be achieved this circuit has less 
losses, due to there is no parallel capacitor that must 
be voltage shifted by the switches. - 

30 

When, as stated in claim 6, the network comprises an in- 
ductive component which is connected to a series connec- 
tion of a capacitive and a resistive component, a very 
simple circuit structure having only three components is 
35 obtained. 

When, as stated in claim 7, a resistive component is con- 
nected in parallel with the inductive component, it is 
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ensured that the value of the resistor in the series 
coupling of the capacitor and the" resistor may be in- 
creased, as the two resistors form an AC parallel coup- 
ling. 

5 

As stated in claim 8, it is expedient that the values of 
the capacitive and inductive components of the network 
are at least four times greater than the values of the 
parasitic capacitive and inductive components of the 
10 switched circuit. 

When, as stated in claim 9, the resistive value of the 
network at high frequencies is twice the characteristic 
impedance of the overall parasitic inductance and the 

15 overall parasitic capacity in the switched circuit, a 
strong attenuation of the inevitably occurring oscilla- 
tions is achieved, which means that dead time between as 
well as turn-on and turn-off rates of the switches in the 
switched circuit may be reduced to a minimum, without the 

20 occurrence of strong ringings which would otherwise have 
caused distortion and noise and possible destruction of 
the switches. 

As stated in claim 10, the distortion of the square-wave 
25 pulses may be reduced additionally in that an already 
known snubber circuit consisting of a series connection 
of a capacitor and a resistor is connected in parallel 
with the switch elements in the switched circuit . The 
circuit exhibits particularly reduced distortion when 
30 used in switched circuits having relatively great para- 
sitic inductances * The addition of the parallel snubber 
circuits may advantageously be performed in switched cir- 
cuit designs where the characteristic impedance of para- 
sitic inductances and capacities is great, which may oc- 
35 cur e.g. in layouts of large dimensions. 

As stated in claim 11, the network and the switched cir- 
cuit are formed as an integrated unit on a substrate. 
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This means that the parasitic inductances and the distor- 
tion in the half -bridge are reduced additionally. 

When, as stated in claim 13, the series connection of the 
5 capacitor and the resistor of the circuit is formed by a 
capacitor and its internal series resistance, it is en- 
sured that the circuit may be realized in a very simple 
manner . 

10 Expedient embodiments of the invention are defined in the 
dependent claims . 

As mentioned, the invention finally relates to uses of 
the method and the circuit. 

15 

These uses are defined in claims 14 and 15. 

Thus, in class D amplifiers and power supplies, it is 
possible to provide a limitation in the peak current in 
20 the switches, and a much simpler reduction in noise, dis- 
tortion and ringing in the switched circuits incorporated 
therein, than is possible to achieve in traditionally 
used filterings in switched circuits. 

25 The invention will now be explained more fully with ref- 
erence to an embodiment of the invention shown in the 
drawing, in which 

fig. 1 shows the basic structure of the invention in 
30 block diagram form, 

fig. 2 shows examples of uses of the invention in block 
diagram form, 

35 fig. 3 shows an example of a switched circuit of the two- 
port type in the fig. 1 basic structure, 
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fig. 4 shows an example of a two-port network in diagram 
form in the fig. 1 basic structure according to the 
invention, 

5 fig. 5 shows an example of a second circuit in diagram 
form in the fig. 1 basic structure according to the 
invention, 

fig. 6 shows the course of a voltage in the circuit dur- 
10 ing and after a switching sequence, 

fig. 7 shows a course of a voltage in the circuit which 
constitutes the invention, 

15 fig. 8 shows an example of a noise attenuating circuit in 
diagram form in the fig. 1 basic structure, 

fig. 9 shows another example of a noise attenuating cir- 
cuit in diagram form in the fig. 1 basic structure, 

20 

fig. 10 shows an example in diagram form of how a single 
voltage supply may be connected to the noise attenuating 
circuit, 

25 fig. 11 shows an example in diagram form of how a double 
voltage supply may be connected to the noise attenuating 
circuit in the fig. 2 diagram, 

fig. 12 shows an example in diagram form of how^ a load 
30 may be connected to the noise attenuating circuit in yhe 
fig. 2 diagram. 

fig. 13 shows an example of how the circuits 1 and 2 in 
fig. 1 may be realised. 

35 

fig. 14a - 14g shows different states of current flows in 
the circuits 1 and 2 showed in figure 13. 
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fig. 15a - 15b shows different states in current flow of 
the circuits 1 and 2 at low frequencies. 

fig. 16a - 16b shows different states in current flow of 
5 the circuits 1 and 2 at very high frequencies. 

In figure 1, the numeral 1 designates a circuit which is 
connected to a switched circuit of the two-port type 2 
via two terminals 5 and 6. The switched circuit is formed 

10 by a two-port, in which the terminals 6 and 8 are inter- 
connected, and one port accommodates a switching terminal 
7 which is connected to a switch 17 capable of being 
switched between the two terminals 5 and 6 of the other 
port. The short-circuit impedance (with terminals 3, 4 

15 and 20 short-circuited) of the circuit 1, seen from the 
port containing the terminals 5 and 6, is characteristic 
by being low at low frequencies and high and predomi- 
nantly resistive at high frequencies. 

20 Figure 2 shows examples of the use of the circuit 1 and 
the switched circuit 2, in which the terminals 3, 4 and 
20 of the circuit 1 are connected to a circuit 9, and in 
which the terminal 7 of the switched circuit is connected 
to a series coupling of an inductance 11 and a circuit 10 

25 which is connected to the terminal 8. The circuits 9 and 
10 may e.g. be given by a voltage supply 9 and a load 10, 
whereby the circuit 1 and the switched circuit 2 are in- 
corporated in a configuration which is known as a Buck 
converter from the literature. Correspondingly, the cir- 

30 cuits 9 and 10 may be given by a load 9 and a voltage 
supply 10, whereby the circuit and the switched circuit 
are incorporated in a configuration which is known as a 
Boost converter. 

35 Figure 3 shows an example of a simplified switched 

circuit 2 of the two-port type, in which the parasitic 
components are also shown. One port accommodates a 
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switchable terminal 7 which may be switched between the 
terminals 5 and 6 of the other port of fig.l or 2. 
The terminals 6 and 8 of the ports are shown to be 
interconnected. The parasitic components of the switched 
5 dircuit are drawn around the switches 34, 35. The 
parasitic inductances 28 and 31 occur between the 
terminals 5 and 6, and the switches 34 and 35 and the 
value of the inductances are primarily determined by lay- 
out and die mounting technique. The parasitic inductances 
10 29 and 30 are provided between the terminal 7 and the 

switches 34 and 35, and the value of these inductances is 
likewise primarily determined by layout and die mounting 
technique. 

15 Parasitic capacities 32 and 33 are provided in parallel 
with the switches 34 and 35, and the value of these ca- 
pacities is determined by the manufacturing method used 
by the component supplier. 

20 The parasitic capacities and inductances thus form an os- 
cillation circuit, which is turned on by the switching 
terminal 7 between the terminals 5 and 6, which causes 
ringings on the terminals of the switched circuit. These 
ringings may be attenuated considerably by connecting the 

25 circuit 1 to the terminals 5 and 6 . The switches in fig- 
ure 3 are illustrated by two force-commutated contacts 
(transistors), but may also be formed by a force-commu- 
tated and a non- force-commutated contact (e.g. a diode). 

30 Figure 4 shows an example of how the circuit l~raay be re- 
alized as a two-port network. The inductance 13 of the 
circuit is, shown to be connected between the terminals 21 
and 23, and the series coupling of the capacitor 14 and 
the resistor 15 of the circuit is shown to be connected 

35 between the terminals 23 and 24. 

Figure 5 shows another example of how the circuit 1 may 
be realized as a two-port network, said two-port network 
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being provided with a resistor 1§ in parallel with the 
inductance 13 between the terminals 21 and 23. 

When using this embodiment of the two-port network, the 
5 value of the resistor 15 may be increased , as the resis- 
tors 15 and 16 form a parallel coupling at high frequen- 
cies. Optionally, the resistor 15 may be selected to be 
infinitely great, so that the capacitor 14 and the resis- 
tor 15 may be omitted completely. The terminals 22 and 24 
10 are interconnected. 

Figure 6 shows a course of the ringings immediately after 
the switching of the terminal 7, with and without the 
circuit 1 connected to the terminals 5 and 6. The AC 

15 course of the ringings for the terminal 7 is shown at 27 
without the circuit 1 connected, and at 18 with the cir- 
cuit 1 connected to the terminals 5 and 6. It will be 
seen that the ringings 27 are slightly attenuated, and 
thereby constitute a relatively great part of the switch- 

20 ing period, which causes distortion of the pulse height 
and electromagnetic radiation. On the other hand 18 shows 
a very attenuated course of the ringings, and the 
transient constitutes less than a period in practical 
realizations, which means that the pulse height 

25 distortion and the electromagnetic radiation are very 
low. 

Figure 7, at 18, shows an example of the AC course of the 
voltage across the resistor 15 immediately after the 

30 switching of the terminal 7 from the terminal 6 to the 
terminal 5, where the current into the terminal 7 has a 
positive sign. If the value of the resistor is selected 
such that critical attenuation of the serial oscillation 
circuit is obtained in the switched circuit, a course of 

35 the same type as given at 18 is obtained. Thus it is 
shown at 18 how the voltage across the resistor 15 in- 
creases very rapidly to a peak value, which is predomi- 
nantly determined by the value of the resistor 15, multi- 
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plied by the current in the terminal 7. The voltage de- 
creases as the current is taken over by the inductance 
13, and is zero after a short transient. With the same 
conditions, 19 shows a sequence where the terminal 7 is 
5 switched from the terminal 5 to the terminal 6, and it 
will be seen that the current in the inductance 13 is 
switched from running in the terminal 5 to run in the 
capacitor 14 and the resistor 15, whereby the voltage 
across the resistor 15 assumes a negative value, which is 
10 given by the product of the value of the resistor 15 and 
the current in the inductance at the switching moment. 
The voltage then increases toward zero as the current in 
the inductance 13 decreases, and is zero after a short 
transient. 

15 

Figure 8 shows an example of how the circuit 1 may be re- 
alized with one two-port network as described in connec- 
tion with figure 1 and 3. The terminals 21 and 22 of the 
two-port network are connected to the terminal 3 and the 
20 terminal 4, respectively, of the circuit 1, and the 

terminal 20 of the circuit is connected to the terminal 
4. The terminals 23 and 24 of the two-port network are 
connected to the terminals 5 and 6, respectively, of the 
circuit . 

25 

Figure 9 shows another example of how the circuit 1 may 
be realized with two two-port networks, where the termi- 
nals 21 of the two-port networks are connected to the 
terminals 3 and 4, respectively, of the circuit 1, and 
30 where the terminals 22 of both two-port networks aire con- 
nected to the terminal 20 of the circuit. The terminals 
23 of the two-port networks are connected to the termi- 
nals 5 and 6, respectively, of the circuit. 

35 Figure 10 shows an example of how the circuit 9 may be 
realized with a single voltage supply 24, which is con- 
nected between the terminals 3 and 4 of the circuit 9, 
and where the terminal 20 is connected to the terminal 4. 
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Figure 11 shows a further example of how the circuit 9 
may be realized with a double voltage supply given by 24 
and 25, where the voltage supply 24 is connected to the 
5 terminals 3 and 20 of the circuit 9, and the voltage sup- 
ply 25 is connected to the terminals 20 and 4 of the cir- 
cuit 9. 

Figure 12 shows an example of how the circuit 9 may be 
10 realized with a load 26 which is connected between the 

terminals 3 and 4, and where the terminal 20 is connected 
to the terminal 4. 

Figure 13 shows an example of how the circuits 1 and 2 on 
15 fig, 1 may be realised where the load can be connected 

between the terminals 7 and 8 and the power supply can be 
connected between the terminals 3 and 4. 

Figure 14a - 14g illustrates different current flow 
20 graphs of the circuit shown in figure 13 where the 

current flow graph is split into 6 states of the circuits 
1 and 3. 

Figure 14a shows a state where the switch 35 is 
25 conducting a positive load current and the current is 

running in the snubber inductor 13 and the two parasitic 
inductors 30 and 31. 

Figure 14b shows the same circuits 1 and 3 where the 
30 switch 35 just have been switched off and the switch 34 
just have been switched on, due to that the current 
running in the snubber inductor 13 and the currents 
running in the parasitic inductors 30 and 31 can not 
change simultaneously the currents will run in the 
35 capacitor 14 and the resistor 15 until the inductors 13, 
30 and 31 contained energies is zero. In realisation of 
circuit 1 and 3 the inductor 13 will typically be chosen 
to have an inductance much greater than the parasitic 
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inductance's together, which yields that the inductance 
13 can be neglected at the resonance frequency of the 
parasitic components 28, 29, 30, 31, 32 and 33 and it is 
thereby seen that the resistor 15 damp's the ringings in 
5 the output stage. 

Figure 14c shows the circuits 1 and 3 right after the 
energy in the parasitic inductors is zero and it is seen 
that load current is running through the switch 34 and 
10 its parasitic inductance's 28 and 29. Furthermore it is 
seen that the current that was in the inductor 13 still 
is running in the capacitor 14 and the resistor 15 until 
the energy in the inductor 13 is zero. 

15 Figure 14d shows the circuits 1 and 3 in a state where 

the switching from switch 35 to switch 34 is finished and 

34 is conducting a positive load current and the current 
is running in the switch 34 itself and in the two 
parasitic inductors 28 and 29. 

20 

Figure 14e shows the current flow in the circuit 1 and 3 
under the switching of the load from switch 34 to switch 

35 and it is seen that the current from the load is 
running in the capacitor 14 and the resistor 15 and that 

25 the resonant high frequency current running in the 

parasitic components 28, 29, 30 and 31 of the switches 34 
and 35 also runs through the capacitor 14 and the 
resistor 15. The resonance frequency of the parasitic 
components 28, 29, 30, 31, 32 and 33 is thereby damped by 

30 the resistor 15. 

Figure 14f -shows the current flow in the circuit 1 and 3 
after the switching from switch 34 to switch 35 is done 
and the load current is taken over from the capacitor 14 
35 and the resistor 15 by the snubber inductor 13. 

Figure 14g shows the following current flow of the 
circuits 1 and 3 and it is seen that the current flow is 
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id rvtical to that in figure 14a and thereby is the 
current flow graph completed. 

Figure 15a shows the current flow diagram for circuit 1 
5 and 3 at low frequencies when the load i.e. terminal 7 
is switched to the power supply i.e. terminal 3, and it 
is seen that the current path strictly is given by the 
switch 35. 

10 Figure 15b shows the current flow diagram for circuit 1 
and 3 at low frequencies when the load i*e* terminal 7 
is switched to the ground terminal 4, and it is seen that 
the current path strictly is given by the switch 34. 

Figure 16a shows the current flow diagram for circuit 1 
and 3 at very high frequencies, right after the load is 
switched from switch 34 to switch 35, and it is seen that 
the current running in the parasitic components 28, 29, 
30, 31, 32 and 33 primarily is running in the capacitor 
14 and the resistor 15, and with the right values of the 
capacitor 14 and the resistor 15, the oscillation circuit 
consisting of the parasitic components 28, 29, 30, 31, 32 
and 33 can thereby be damped effectively by the resistor 
15. 

Figure 16b shows the current flow diagram for circuit 1 
and 3 at very high frequencies, right after the load is 
switched from switch 35 to switch 34, and it is seen that 
the current running in the parasitic components 28, 29, 
30, 31, 32 and 33 primarily is running in the capacitor 
14 and the resistor 15, and with the right values of the 
capacitor 14 and the resistor 15, the oscillation circuit 
consisting of the parasitic components 28, 29, 30, 31, 32 
and 33 can thereby be damped effectively by the resistor 
15. 

As will be appreciated from the foregoing, the invention 
provides a circuit with low losses which, in combination 
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with a switched circuit of the two-port type, is capable 
of generating minimally distorted square-wave pulses with 
minimum noise and oscillations, and which is capable of 
limiting the peak current in the switches during the 
5 switching sequences, said circuit having a very low 
complexity. 
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Patent Claims: 



1. A method of reducing distortion and noise of square- 
5 wave pulses and of limiting peak currents which occur 

during the switching sequences in switched circuits of 
the two-port type, which has a switchable port with a 
switching terminal capable of being switched between the 
terminals of a second circuit, characterized 

10 in that the terminals of the switched circuit are con- 
nected to a set of terminals on the second circuit, and 
that the second circuit is given a short-circuit imped- 
ance which, seen from the switched circuit, provides a 
characteristic which has a low impedance at low frequen- 

15 cies, while it has a high impedance and is predominantly 
resistive at high frequencies. 

2. A method according to claim 1, character- 
ized in that a single or double voltage supply is ap- 

20 plied to the terminals of the second circuit which are 
not connected to the switched circuit, and that a series 
coupling of an inductance and a load circuit is applied 
to the port of the switched circuit containing the 
switching terminal. 

25 

3. A method according to claim 1, character- 
ized in that a load circuit is connected to the ter- 
minals of the second circuit which are not connected to 
the switched circuit, and that a series coupling of an 

30 inductance and a voitage supply is applied to the port of 
the switched circuit containing the switching terminal. 

4. A circuit of the type which, in combination with a 
switched circuit of the two-port system, is capable of 

35 generating minimally distorted square-wave pulses with 
minimum noise and of limiting peak currents which occur 
during the switching sequences of the square-wave pulses, 
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said switched circuit having a terminal capable of being 
switched between two terminals of- a second circuit, 
characterized in that the second circuit is 
formed by a network which, seen from the switched cir- 
5 cuit, has a short-circuit impedance which has a low im- 
pedance at low frequencies and has a high impedance and 
is predominantly resistive at high frequencies. 

5. A circuit according to claim 4, character- 
10 i z e d in that the port of the second circuit which is 

not switched by the switching circuit, is formed by two 
interconnected two-port networks. 

6. A circuit according to claim 4 or 5, charac- 

15 terized in that the network comprises an inductive 
component which is connected to a series connection of a 
capacitive and a resistive component. 

7. A circuit according to claim 6, character- 
20 i z e d in that a resistive component is connected in 

parallel with the inductive component. 

8. A circuit according to claim 6 or 7, charac- 
terized in that the values of the capacitive and 

25 inductive components of the network are at least four 

times greater than the values of the parasitic capacitive 
and inductive components of the switched circuit. 

9. A circuit according to claims 6-8, c h a r a c - 

30 terized in that "the resistive value of the" network 
at high frequencies is twice the characteristic impedance 
of the overall parasitic inductance and the overall para- 
sitic capacitance of the switched circuit. 

35 10. A circuit according to claims 4-9, charac- 
terized in that the resistive value of the network 
is reduced in that a series coupling of a resistor and a 
capacitor is connected between the switching terminal and 
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a common terminal, and another series coupling of a re- 
sistor and a capacitor is connected between the two ter- 
minals which are not formed by the common terminals. 

5 11. A circuit according to any one of claims 4-10, 

characterized in that the network and the 
switched circuit are formed as an integrated unit on a 
substrate. 

10 12. A circuit according to claim 11, character- 
ized in that a conductor path on the substrate forms 
the inductive component of the circuit. 

13. A circuit according to any one of claims 4-12, 

15 characterized in that the series connection 
of the capacitive and resistive components is formed by a 
capacitor and its internal series resistance. 

14. Use of a circuit according to any one of claims 4-13 
20 in combination with the half-bridges in a class D ampli- 
fier for audio. 

15. Use of a circuit according to any one of claims 4-12 
in combination with the half-bridges of a switch mode 

25 power supply. 
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